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(54)PHOTO VARIABLE CAPACITOR 
(71) We, MATSUSHITA ELECTRIC 

INDUSTRIAL CO. LTD., a corporation organized under the laws of Japan, of 1006, 
Oaza Kadoma, Kadoma-shi, Osaka, Japan, do hereby declare the invention, for which 
we pray that a patent may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the f olio wings tatement:- 
The present invention relates to a photovariable capacitor containing a dielectric 
material comprising a change- transfer complex consisting of a homopolymer of N- 
vinylcarbazole or a copolymer thereof with another copolymerizable monomer serving 
as electron donor, said dielectric material having a high dielectric constant which is 
variable in response- to the light irradiation or the application of D.C. voltage. 



Heretofore, charge-transfer complexes have been investigated as an organic 
semiconductor. 



While the usual organic materials are insulative materials, the charge-transfer 
complexes exhibit a high electrical conductivity and some of them produce a high 
photo-current upon irradiation of light. By utilizing these properties, various 
applications have already been proposed and some of them have been put into practice. 

On the other hand, little investigation has been made on the dielectric property of the 
charge-transfer complexes and no example has been known in which the charge- 
transfer complex was positively used as a dielectric material 
in a photo- variable capacitor. 

It is an object of the present invention to provide a photo-variable capacitor containing 
a functional dielectric material having a high dielectric constant which is variable in 
response to the light irradiation or the application of D.C. voltage. 

In the accompanying drawings: 

Fig. 1 shows a relation between dielectric constant and complex formation ratio for 
each electron acceptor. 

Fig. 2 shows a relation between frequency and dielectric constant for each dielectric 
material, and 

Fig. 3 shows a relation between frequency and dielectric loss (tana) for each dielectric 
material. 



The inventors of the present invention have now found that a charge-transfer complex 
consisting of a homopolymer of N-vinylcarbazole or a copolymer of N-vinylcarbazole 
with anothercopolymerizable monomer, such as 

N-vinylcarbazole-styrene copolymer, N-vinylcarbazole-vinyl acetate copolymer, N- 
vinylcarbazole-methyl methacrylate copolymer or 

N-vinylcarbazole-fumaronitrile copolymer, and a quinone electron acceptor such as p- 
benzoquinone, p-chloranil, p-bromanil, p-iodanil, 2,3 - dichloro - 5,6 - dicyano - p - 
benzoquinone, a-naphthoquinone,fi-naphthoquinone, anthraquinone or 9,10- 
phenanthraquinone, has a high dielectric constant, and further the dielectric constant is 
reversibly changed by the irradiation of light or the application of D,C. voltage.For 
example, 3 mol % chargetransfer complex, i.e. a complex containing 3 moles of the 
electron acceptor per 100 moles of electron donor, consisting ofpoly [N-vinyl- 
carbazole] and P-naphthoquinone has a dielectric constant of 5.1 at20 C. and 1 KHz, 
which is higher than the dielectric constant ofpoly [N-vinylcarbazole] of 2.8 and the 
dielectric constant ofss-naphthoquinone of 3.1. 

Thus, the charge-transfer complex consisting of N-vinylcarbazole polymer or an N- 
vinylcarbazole copolymer and a quinone electron acceptor has a higher dielectric 
constant than the respective donors. 

Prior art charge-transfer complexes usually consist of a combination of low molecular 
weight compounds and hence it is difficult to form them into film. However, 
chargetransfer complexes using N-vinylcarbazole homopolymer or an N- 
vinylcarbazole copolymer as an electron donor is easy to form into the film and a 
capacitor can be pro duced by providing electrodes on both sides thereof. Particularly, 
N-vinylcarbazole copolymers have higher flexibility than N-vinylcarbazole 
homopolymer and hence it further facilitates the film formation. 

By making use of the phenomenon that the dielectric constant of the charge-transfer 
complex increases upon irradiation of light, a photo- variable capacitor is provided. For 
example, a charge-transfer complex consisting of poly [N-vinylcarbazole] (100 moles 
of polymer units), and9,10-phenanthraquinone 

(5 moles), showed a dielectric constant of 4.2 in the dark but it showed a dielectric 
constant of 4.8 when irradiated with light. 

The light source was alOO W tungsten lamp and placed at distance of 50em. 

When the capacitance of the capacitor utilizing the charge-transfer complex as a 
dielectric material is measured by applying 



D.C. voltage across the capacitor, a decrease in capacitance is observed as compared 
with the capacitance measured when no voltage is applied thereacross. This effect can 
be observed in a series of complexes consisting of Nvinylcarbazole homopolymer or 
copolymers thereof and quinone organic compounds. With this effect, a variable 
capacitor whose capacitance varies with the D.C. voltage applied is provided. 

Example 1. 

ss-Naphthoquinone was dissolved in a solution of poly[N-vinylcarbazole] in 
monochlorobenzene to form a complex. A similar process was repeated for the other 
electron acceptors. 

By changing the amount of the electron acceptor dissolved, a desired complex 
formation ratio was obtained. The solution was then 
cast on an aluminum plate to form a film. 

Aluminum was then evaporated thereon to form an upper electrode. The dielectric 
constant of poly[N-vinylcarbazole] itself was 2.8, that of p-chloranil was 2.6, that of p- 
bromanil was 2.5, that of p-naphthoquinone was 3.1, and that of 9,10- 
phenanthraquinone was 3.2. 

The dielectric constants of the charge-transfer complexes consisting of various electron 
acceptors and poly[N - vinylcarbazole] having different complex formation ratios are 
shown in Fig. 1. They were measiu-ed at20 C. and IKIll:. As the complex formation 
ratio increased, the dielectric constant increased. A similar characteristic was observed 
with the other electron acceptors. 

Example 2. 

Poly[N-vinylcarbazole] having a molecular weight of about 20,000 prepared by radical 
polymerization and 1:1 copolymer of Nvinylcarbazole and styrene were purified by re- 
precipitation method using a benzenemethanol mixture and the resulting products were 
dissolved in monochlorobenzene. Complex formation and film formation were carried 
out in the same manner as in Example 1. 

The complex formation ratio of the N-vinylcarbazole-styrene copolymer is a molar 
ratio (%) of the electron acceptor to N-vinylcarbazole monomer. 

Figs. 2 and 3 show the frequency characteristics of the dielectric constants 2Lnd the 
dielectric losses, respectively, for N-vinylcarbazole polymer, 1:1 copolymer of N- 



vinylcarbazole and styrene andss-naphthoquinone complexes thereof having a complex 
formation ratio of 5%. The effect of increasing the dielectric constant by complex 
formation was also true for the copolymer. The copolymer had a lower dielectric loss 
than the homopolymer. This was true for the other electron acceptors. 

Example 3. 

The electrostatic capacitance C of the capacitors with the dielectrics of the 
chargetransfer complexes consisting ofpoly[N-vinyl- carbazolej andfz-naphthoquinone, 
p-naphtho- quinone, anthraquinone, 9,10 - phenanthraquinone, 2,3 - dichloro - 5,6 - 
diamino - pbenzoquinone, p-chloranil, p-bromanil, pbenzoquinone having a complex 
formation ratio of 5 mol%, the electrostatic capacitanceCoc when a D.C. voltage was 
applied, and the electrostatic capacitanceCD"OtI) when light was irradiated, showed 
the following relation: :C > CDe andC < Cp„tO. The capacitances are shown in the 
Table. 



Electron acceptor 


C(pF) 




Shoto^PP) 


a-Naphthoquinone 


1820 


1588 


2360 


^-Naphthoquinone 


2056 


1737 


2432 


9, lO-Phenanthraquinone 


1628 


1411 


1871 


Anthraquinone 


1671 


1343 


1897 


p<Chloranil 


2297 


1984 


2486 


p-Bromanil 


1992 


1803 


2181 


p-Benzoquinone 


2143 


1816 


2436 



WHAT WE CLAIM IS: 

1. A photo- variable capacitor containing a dielectric material having a high dielectric 
constant which is variable in response to the irradiation of light or the application of 
D.C. 

voltage comprising a charge-transfer complex consisting of a homopolymer of N- 
vinylcarbazole or a copolymer thereof with anothercopolymerizable monomer serving 
as an electron donor and a quinone electron acceptor. 



2. A photo-variable capacitor according to 

Claim 1 wherein a homopolymer of N-vinylcarbazole is used as an electron donor. 

3. A photo- variable capacitor according to 

Claim 1 wherein a copolymer of N-vinylcarbazole is used as an electron donor. 

4. A photo- variable capacitor according to 

Claim 1 wherein said copolymer is selected from N-vinylcarbazole-styrene copolymer, 
Nvinylcarbazole - vinylacetate copolymer, Nvinylcarbazole - methyl methacrylate 
copolymer, and N-vinylcarbazole-fiimaronitrile copolymer. 

5. A photo- variable capacitor according to 

Claim 1 wherein said quinone electron acceptor is selected from p-benzoquinone, p- 
chloranil, p-bromanil, p-iodanil, 2,3 - dichloro5,6 - dicyano - p - benzoquinone,eE- 
naphtho- quinone,-naphthoquinone, anthraquinone and9, 10-phenanthraquinone. 

6. A photo-variable capacitor according to 

Claim 1 wherein said copolymer is selected from N - vinylcarbazole - styrene 
copolymer, 

N - vinylcarbazole - vinyl acetate copolymer, 

N - vinylcarbazole - methyl methacrylate copolymer, and N-vinylcarbazole- 
fumaronitrile copolymer, and said quinone electron acceptor is selected from p- 
benzoquinone, p-chloranil, p-bromanil, p-iodanil, 2,3 - dichloro - 5,6dicyano - p - 
benzoquinone, a-naphthoquinone, p- naphthoquinone, anthraquinone and 
9, lOplhenantibraquinone. 

7. A photo- variable capacitor as claimed in claim 1, substantially as hereinbefore 
described in the Example 3. 



Claims of GB 1487344 



WHAT WE CLAIM IS: 

1 . A photo-variable capacitor containing a dielectric material having a high dielectric 
constant which is variable in response to the irradiation of light or the application of 
D.C. voltage comprising a charge-transfer complex consisting of a homopolymer of N- 
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